Introduction.
Let X be a locally compact finite-dimensional Hausdorff space, and let J1 be a periodic map of prime period p operating on X. Let L denote the fixed point set of T, and let Y denote the orbit decomposition space of X and T, which has as elements the sets [T^x) \ i = 0, 1, • • -,p -i] for xÇzX. Let us consider first the case in which X is a finite complex, T is simplicial, and the natural decomposition mapf:X-*Yis simplicial and therefore a homeomorphism on each simplex of X. Let v be a simplex of Y. If f~l{v)(ZL, then/-1(zj) contains exactly one simplex. Otherwisef~1(v) contains exactly p simplexes. As a consequence x(X) + (p-i)x(L)=px(Y), where %
indicates the Euler characteristic. The similarity of this formula to a result of G. T. Whyburn [8; p. 202] . (1) concerning interior maps on 2-manifolds will be noted.
The main purpose of this paper is to provide an analogue of this formula under more general circumstances.
We use for X and T any pair satisfying the requirements of the first sentence, with the restriction that the Cech homology groups Hn(X), with the integers mod p as coefficient group, are all finitely generated. We prove that the same formula then holds if we define x(4) tobe £( -l)*dimiJ¡(4) whenever this is defined, where dim Hi{A) denotes the minimum number of generators of .77,(4) (that is, its dimension as a vector space over the integers mod p).
We use P. A. Smith's theory of special homology groups [4; 5; 6] to obtain the formula. We base our usage of the special groups on two exact homomorphism sequences, which we obtain in § §2 and 3. The first of these sequences, sequence (A), is implicit in the work of Smith (cf. [4] ). However, the second, sequence (B), appears to be new. It is basic for our purpose in that it relates the structure of the special groups Hn and H"m. In §4, we prove the main theorem. We also verify that £ dim Hi(L) ïS £ dim Hi(X). This result is closely related to results of Smith In §5, we point out some applications of our results. The main theorem has as a consequence, of course, a theorem concerning existence of fixed points. This theorem generalizes the fixed point theorem of Smith [3] . We also prove that if X has the homology groups of an M-sphere over the integers mod p, p an odd prime, and if G is an abelian transformation group of order
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(') Numbers in brackets refer to the bibliography at the end of the paper.
pa, then the set L of points fixed under each 7~GG has the homology groups of an r-sphere where n -r is even (2) . This solves a problem pointed out by Smith, who proved a weaker theorem for a = l and a form of this theorem for the general case [7] . It must be noted that, throughout the paper, if T is periodic of period p in a given discussion, then all homology groups in the same discussion will have the integers mod p as coefficient group.
2. Special homology groups for simplicial maps. We treat in this section the special homology groups for simplicial periodic maps. To provide a notational basis, we give first the definitions of the special groups. These are due to Smith [4; 5; 6] and Richardson and Smith [2] .
We assume throughout this section a finite complex X and a simplicial periodic map T on X of prime period p. We denote by L the fixed point set of T. We shall assume that £ is a subcomplex of X. DenneZniX) = CZiX)nZniX),BiiX)=diCn+liX)),H>niX)=ZniX)/BniX).
For p = 0, we also define Z\(X) =Z0(X)nCg (Z) and Ën(X) =Zg(X)/£g(Z). (2) After this paper was submitted, recent work of S. D. Liao, A theorem on periodic maps of homology spheres, Bull. Amer. Math. Soc. Abstract 57-5-420, to appear in Ann. of Math., came to the author's attention. Liao proves that if one adds the requirement that X be compact and have finitely generated integral cohomology groups and drops the restriction that p be odd, then n -r is even or odd according as T is orientation preserving or orientation reversing.
cycles. If pa+bEBn(X), then pa<EBpn(X) and 6£ß"(L).
We use also the "relative" special groups. Define C"{X, L) = [x\x(ECn(X), The inclusion x->x of C^(X) into Cn(X) generates a homomorphism of Hl(X) into Hn(X), which we denote by ß:Hl(X)-^Hn(X). We note that ß maps HP0(X) into H0(X). Moreover, the chain mapping y->py of Cn(X) into Cn{X, L) induces a homomorphism of Hn(X) into Hpn(X, L) which we indicate by y:
The proof that each of these is a well-defined homomorphism is straightforward. The homomorphisms a and ß are due to Smith [4, pp. 358-359].
is exact. If L^O and if X is connected, then HP{X), Ho(X) may be replaced by HP(X), S0(X) respectively and the sequence is still exact.
Proof. The proofs that ßa = 0, yß = 0, ay = 0 are trivial and will be omitted. Let now x£kernel ß. If pa+b represents x we then have pa-\-b=dc for some chain c. Then d(pc) = p(dc) =0, so that pc(£Zn(X, L). If pc represents y (-¡zHñ+1(X, L), then a(y) =x. Hence image a = kernel ß.
Next suppose x £ kernel y. Then if a represents x we have pa -dpc for some chain c. Hence p(a-dc)=0, so that a -dc£Z£(X). If a -dc represents y E.H^(X), then ß{y) =x and image ß = kernel y. Then dhp~mb = 8p~1c represents r(y) so that r(y)=x. Hence exactness is proven.
3. The special groups for locally compact spaces. Let Ibea compact
Hausdorff space and let T be a periodic map on X of prime period p. We call L" the fixed point set of Tß. We have for each U" the exact sequence For ^4xC^4mi Ah generates a set of homomorphisms of iA\) into G4")> and of iB\) into iBß). To note commutativity, see the remarks by Smith [6, p. 370]. We define the direct limit of the exact homomorphism sequences iAu),
Let us clarify the last statement. Define H"iX, L) to be the direct limit of the system [H"iA", Lß);f{ß] where f\" denotes the inclusion of A\'mtoA» and where /xM denotes the generated homomorphism of Hn\A\, L\) into HniAß, Lf). Similarly for the other special groups and for ii"(X). Then define a, ß, and so on as the homomorphisms induced on these as in [l, p. 689], where a is generated by ctß, ß by /3M, and so on. It should be noted that HniX) is then essentially the group of Cech cycles on compact subsets of X modulo the Cech cycles which bound on compact subsets of X. We say that a locally compact Hausdorff space X is finite-dimensional if and only if there exists an integer n such that if 4 is any compact subset of X, then the dimension of 4 (in the covering sense) is less than n.
We note here three important results of P. A. Smith that we use. We let X be a finite-dimensional locally compact Hausdorff space, and let T be a periodic map of prime period p. The results have been proved by Smith for the compact case; they may then be extended in a straightforward manner to the locally compact case. It should be noted that in [6] , in which the proof of (3.6) is given for the compact case, there is a standing hypothesis that every open subset of X is an F". It may be seen, however, that this property was not used in the proof of (3.6). But then by Lemma 4.1 all the entries are finite-dimensional. Moreover
Using Lemma 4.1 on (A) for p=irwe obtain
Using Lemma 4.1 on (B) we obtain k(H»M(X, L)) = k(H*(X, L)) + kiH^-\X, L)).
E. E. FLOYD [January Using this equation for i = 2, ■ ■ ■ , p-1, we get
Returning to (i) we then get k{H{X)) = k(H(L)) + pk(Hs(X, L)).
Using (i), and changing notation, we get the desired theorem. We note that this inequality reduces to 0^0 for n sufficiently large. The theorem then follows from the remark that dim Hn(L) ^dim H^{X). 5. Some applications. The following is a generalization of a theorem of Smith [3] . License or copyright restrictions may apply to redistribution; see http://www.ams.org/journal-terms-of-use
